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In hepatitis B e antigen (HBeAg)-positive chronic hepatitis B patients who were refractory to current
lamivudine therapy, switching to entecavir was superior to continued lamivudine at week 48 for
histologic improvement, viral load reduction by polymerase chain reaction and alanine aminotrans-
ferase normalization. We assessed the efficacy, safety, and resistance profile of entecavir through 96
weeksof treatment.Atotalof286patientswererandomizedandtreatedwithentecavir1mg(n�141)
or continued lamivudine 100 mg (n � 145). At week 52, 77 entecavir-treated patients who had a
protocol-defined virologic response (HBV branched DNA [bDNA] < 0.7 MEq/mL but HBeAg-
positive) continued blinded therapy for up to 96 weeks. Patients were assessed for efficacy, safety, and
emerging resistance. Cumulative proportions of all treated patients who achieved confirmed efficacy
endpoints were also analyzed. Between week 48 and the end of dosing, the proportions of patients
with HBV DNA <300 copies/mL by polymerase chain reaction increased from 21% to 40%, and
alanineaminotransferasenormalization(<1�upper limitofnormal) increasedfrom65%to81%.In
the second year, HBeAg seroconversion was achieved by 10% of patients. Of the 77 patients in the
second year treatment cohort, entecavir resistance emerged in six patients, and seven experienced
virologic breakthrough (five with genotypic resistance acquired before year 2). The safety profile of
entecavir in the second year of therapy was consistent with that reported during year 1. Conclusion:
Through 96 weeks of treatment, 1 mg entecavir resulted in continued clinical benefit in lamivudine-
refractoryHBeAg-positivechronichepatitisBpatientswithasafetyprofilecomparable to lamivudine.
(HEPATOLOGY 2008;48:99-108.)

Chronic hepatitis B virus (CHB) infection is esti-
mated to be the 10th leading cause of mortality
worldwide, responsible for the death of between

500,000 and 1.2 million people every year.1,2 Although

an effective vaccine exists, new infections are still frequent
and there is a large reservoir of chronically infected indi-
viduals.1 These individuals are at high risk of developing
serious liver diseases such as cirrhosis and hepatocellular
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antigen; HCC, hepatocellular carcinoma; PCR, polymerase chain reaction; ULN, upper limit of normal.
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carcinoma (HCC). Large cohort studies have demon-
strated that the risk of liver disease progression in patients
with CHB is associated with elevated hepatitis B virus
(HBV) DNA.3,4 There is now additional evidence that a
sustained reduction in HBV DNA can lead to a decrease
in hepatic necroinflammatory response, and halt or re-
verse liver disease progression.5-8 Therefore, virologic sup-
pression is a major goal of treatment for CHB.9,10

Lamivudine was introduced as a treatment for CHB
several years before any alternative nucleoside analogs be-
came available, and initially proved to be effective in re-
ducing HBV DNA.11,12 However, a major liability of
lamivudine is the selection of drug-resistant HBV, which
has been shown to occur in approximately 24% of pa-
tients after 1 year of treatment and in as many as 70% of
patients after 4 years of treatment.13 Lamivudine-resistant
viruses carry substitutions in the reverse transcriptase do-
main of HBV polymerase—typically involving a change
from methionine to valine or isoleucine at amino acid
position 204 (M204 I/V) in the tyrosine-methionine-as-
partate-aspartate (YMDD) active site motif.14 These sub-
stitutions render the virus less replication competent; the
M204V change is not observed clinically without an ad-
ditional compensatory change (L180M) that allows the
virus to replicate more efficiently.14 Emergence of lami-
vudine resistance results in loss of virologic suppression,
which can lead to disease progression and, in patients with
cirrhosis, to hepatic decompensation, HCC, and removal
from liver transplantation lists.15,16 As a result, current
treatment recommendations do not suggest using lamivu-
dine in treatment-naive patients.9,10 Adefovir dipivoxil is
also approved for treatment of CHB infection and has
activity against lamivudine-resistant virus. However, in
patients with lamivudine-resistant HBV, virologic sup-
pression is not optimal and resistance to adefovir is in-
creased.17,18 There is increasing evidence that adding
adefovir to continued lamivudine therapy is associated
with lower adefovir resistance rates,19 but does not result
in improved virologic suppression.20,21

Entecavir is a potent inhibitor of HBV DNA polymer-
ase, which has been shown to be safe and effective for the
treatment of lamivudine-refractory patients with CHB at
a dose of 1 mg daily.22,23 In the phase III study ETV-026,
switching to entecavir was superior to continued lamivu-
dine at week 48 as assessed by histologic improvement,
HBV DNA �300 copies/mL, and alanine aminotransfer-
ase (ALT) normalization (�1� upper limit of normal
[ULN]) in lamivudine-refractory hepatitis B e antigen
(HBeAg)-positive CHB patients.23 In this report, we de-
scribe the cumulative efficacy, safety, and resistance of
entecavir and lamivudine in lamivudine-refractory pa-
tients for up to 96 weeks of blinded treatment. The dura-

bility of treatment responses was also evaluated through
24 weeks after treatment in patients who achieved a pro-
tocol-defined response and discontinued study therapy.

Materials and Methods

Study Design. This double-blind, double-dummy,
randomized, controlled trial compared the safety and ef-
ficacy of entecavir 1 mg once daily to continued lamivu-
dine 100 mg once daily in HBeAg-positive CHB patients
who were refractory to lamivudine, defined by continued
or recurrent viremia or documented viral resistance dur-
ing lamivudine therapy. The study had a 52-week blinded
treatment phase that was followed by an extended blinded
treatment phase for up to 44 additional weeks, for a total
of 96 weeks. The disposition of entecavir-treated patients
is shown in Figure 1. Between February 2002 and De-
cember 2002, a total of 293 patients were recruited into
the study from 84 centers around the world.

To assess the hypothesis that finite antiviral therapy
could be successful, patients either stopped therapy at the
end of 52 weeks of treatment, or continued blinded treat-
ment according to protocol-defined patient management
criteria based on week 48 results for HBV DNA (bDNA
assay) and HBeAg status. Efficacy and safety assessments
for all patients who completed the first year of blinded
therapy have been reported (23).

Patient management criteria grouped patients into
three distinct categories: Responders, Virologic Responders,
and Nonresponders. Responders achieved HBV bDNA less
than 0.7 MEq/mL and loss of HBeAg; these patients were
to discontinue therapy at week 52 and enter an off-treat-
ment follow-up of up to 24 weeks. Nonresponders were
defined as patients whose HBV DNA was �0.7 MEq/mL
by bDNA; they also were to discontinue study therapy at
week 52. Both Responders who relapsed during off-treat-
ment follow-up and Nonresponders were offered enroll-
ment in a rollover protocol (study AI463-901, entecavir 1
mg) or were managed according to the discretion of their
physician. Patients who achieved HBV DNA less than 0.7
MEq/mL by bDNA, but who did not achieve HBeAg
loss, were considered Virologic Responders and could con-
tinue receiving blinded treatment up to week 96. Virologic
Responders who became Responders or Nonresponders dur-
ing the second year of treatment (week 52–96) discontin-
ued study therapy and were managed as previously
described. The management criteria described here are
distinct from the efficacy analyses of the second-year en-
tecavir cohort that appear below.

Assay Methodology. Serum HBV DNA was quanti-
fied using the Quantiplex bDNA assay, lower limit of
quantification 0.7 MEq/mL (Bayer Diagnostics, formerly
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Chiron Diagnostics, Emeryville, CA) and also by Roche
COBAS Amplicor Monitor polymerase chain reaction
(PCR) assay version 2.0; lower limit of quantification 300
copies per mL (approximately 57 IU/mL, Roche, Pleas-
anton, CA). Hepatitis B surface antigen (HBsAg), anti-
body to HBsAg, HBeAg, and antibody to HBeAg were
measured using the Abbott AxSYM microparticle enzyme

immunoassay (Abbott Laboratories, North Chicago, IL). Se-
rum ALT was quantified at each site by local laboratories.

Efficacy Analyses. The efficacy analyses for Virologic
Responders who continued treatment into the second year
(second-year treatment cohort) assessed the proportions
of patients achieving the following end points: HBV
DNA less than 300 copies/mL by PCR; ALT normaliza-

Fig. 1. Flowchart of disposition
and protocol-defined management
responses for patients in the ente-
cavir treatment group.
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tion (�1.0� ULN); and HBeAg seroconversion (loss of
HBeAg and appearance of anti-HBe) at end of dosing (up
to 96 weeks).

An efficacy analysis of the cumulative response rates
was also carried out using on-treatment data for all treated
patients in year 1 and year 2 (entecavir, n � 141; lamivu-
dine, n � 145). In this analysis, a cumulative confirmed
response was defined as two sequential measurements or
last on-treatment measurement through week 96. Cumu-
lative confirmed analyses are presented for proportions of
patients with HBV DNA less than 300 copies/mL and
ALT normalization. A similar analysis is provided for
HBeAg seroconversion through the last observation (on-
treatment and 6 months post-treatment). This type of
analysis does not imply maintenance of the response at
week 96 or during off-treatment follow-up; however, it
provides the cumulative probability of ever achieving a
confirmed end point.

Off-treatment efficacy was evaluated among patients
who were Responders (HBV DNA by bDNA �0.7
MEq/mL and HBeAg loss) at week 52 or who became
Responders during the second year of treatment and dis-
continued study therapy. Off-treatment efficacy end-
points evaluated included HBV DNA �300 copies/mL
by PCR, ALT normalization (�1.0� ULN), HBeAg
loss, and HBeAg seroconversion at the time of treatment
discontinuation and through 24 weeks off treatment (sus-
tained responses).

Safety Analysis. The safety analyses presented here
include adverse events, serious adverse events, discontinu-
ations due to adverse events, and deaths. Cumulative data
for all treated patients during treatment are included in
the on-treatment safety analyses. On-treatment hepatic
flares were defined as ALT elevations greater than 2�
baseline and greater than 10� ULN. Safety information
for the off-treatment observation period during which no
alternative antiviral therapy was given (up to 24 weeks of
follow-up) is described in the off-treatment safety analy-
ses. Off-treatment hepatic flares were defined as ALT el-
evations greater than 2� reference and greater than 10�
ULN; the reference value was defined as the baseline or
end-of-treatment ALT value, whichever was lower.

Resistance Analysis. As described elsewhere, geno-
typic analysis of HBV polymerase was carried out on all
available paired baseline and on-treatment samples from
entecavir-treated patients with detectable HBV DNA by
PCR (�300 copies/mL, Roche COBAS Amplicor) at
weeks 48 and 96, or at end of dosing (up to week 96).23,24

Virologic breakthrough was defined as an increase in
HBV DNA of �1 log10 in copies/mL from the on-treat-
ment nadir, as determined by at least two sequential mea-
surements or the last on-treatment measurement. The

analysis presented here includes patients from the second-
year treatment cohort.

Statistical Methods. Since the number of patients
continuing treatment into the second year in the lamivu-
dine group was small (n � 3), this report focuses on the
entecavir treatment group and no statistical comparisons
are presented for the second-year cohort results. For the
cumulative confirmed analysis, the proportions of pa-
tients having achieved a confirmed end point were com-
pared between the two treatment groups. Confidence
intervals for differences in proportions were based on the
normal approximation to the binomial distribution, with
unpooled proportions used to calculate the standard error
of the difference. P values were based on two-sided tests.

Results

Patient Disposition. At the end of the first year of the
study, 13/141 (9%) entecavir-treated patients and 1/145
(�1%) lamivudine-treated patient achieved a protocol-
defined Response (Fig. 1). At the same point in time, 40
(28%) entecavir-treated patients and 121 (83%) lamivu-
dine-treated patients were classified as Nonresponders. A
total of 80 (57%) entecavir-treated patients and seven
(5%) lamivudine-treated patients were classified as Viro-
logic Responders at week 48 and were offered continued
blinded therapy for a second year. Of these, 77 entecavir-
treated and three lamivudine-treated patients continued
into year 2 (Fig. 1). Because only three patients continued
lamivudine therapy, efficacy analyses are not presented for
this treatment arm.

For entecavir patients continuing into the second year,
the mean time on treatment through week 96 or end of
dosing was 94.8 weeks. During the second year, eight
patients discontinued blinded entecavir therapy: one pa-
tient withdrew consent, there was one death (which was
unrelated to study treatment), and six patients were dis-
continued for lack of efficacy (as assessed by the investi-
gator). Two of the lamivudine-treated patients
discontinued during the second year of treatment: one
withdrew consent and one discontinued due to an adverse
event.

As previously reported, both treatment groups were
well balanced at baseline (pre-treatment) for disease and
demographic characteristics.23 The mean baseline HBV
DNA for entecavir-treated patients who continued into
the second year of treatment was comparable to that of all
entecavir-treated patients (9.59 log10 copies/mL and 9.48
log10 copies/mL, respectively). Mean baseline ALT was
also comparable between the second-year entecavir treat-
ment cohort and all entecavir-treated patients (139.53
U/L and 123.9 U/L, respectively).
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Efficacy Results for the Second-Year Entecavir Co-
hort. A total of 77 entecavir-treated patients continued
to the second year of blinded treatment. Within the sec-
ond-year entecavir cohort, the proportion of patients who
achieved HBV DNA by PCR �300 copies/mL increased
from 16 of 77 (21%) at week 48 to 31 of 77 (40%) at the
end of dosing (Fig. 2; Table 1). The mean change in HBV
DNA from baseline to end of dosing was �5.9 log10

copies/mL. The proportion of patients with ALT normal-
ization increased from 50 of 77 (65%) at week 48 to 62 of

77 (81%) at the end of dosing. HBeAg seroconversion
was achieved by 8 of 77 (10%) patients during the second
year of treatment (Table 1).

Cumulative Confirmed Efficacy Analyses. For all
treated patients, the cumulative proportions of patients
achieving HBV DNA � 300 copies/mL by PCR, ALT
normalization, and HBeAg seroconversion through week
96 were greater in the entecavir treatment group than in
the lamivudine treatment group (Table 2). Through year

Fig. 2. Distribution of HBV DNA
levels through week 96 in the sec-
ond-year entecavir treatment cohort
(n � 77). Circle diameters are pro-
portional to the percentage of pa-
tients at the specified HBV DNA
level, with the circles in each column
totaling 100%. EOD, end-of dosing.

Table 1. Proportions of Patients Achieving Efficacy End
Points at Week 48 and at End of Dosing for the Second-

Year Entecavir Treatment Cohort (n � 77)

Week 48
(n � 77)

Week 96/End
of Dosing
(n � 77)

HBV DNA by PCR �300 copies/mL, n (%) 16 (21) 31 (40)
ALT normalization (�1 � ULN), n (%) 50 (65) 62 (81)
HBeAg seroconversion, n (%) 0 (0) 8 (10)

Table 2. Cumulative Confirmed Proportions of Patients
Achieving Efficacy End Points Through Week 96: All Treated

Patients

Number of Patients (%)
Entecavir

(n � 141)
Lamivudine
(n � 145) P value

HBV DNA by PCR �300 copies/mL,
n (%) 42 (30) 1 (�1) �0.0001

ALT normalization (to �1 � ULN),
n (%) 120 (85) 42 (29) �0.0001

HBeAg seroconversion, n (%) 22 (16) 6 (4) 0.0012
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2, 30% of all entecavir-treated patients achieved HBV
DNA �300 copies/mL and 85% had ALT �1� ULN
(versus �1% and 29% of lamivudine-treated patients,
respectively; P � 0.0001). Among all treated patients
through 96 weeks, including 6 months of posttreatment
observation, 17% of all entecavir-treated patients (24/
141) versus 6% of all lamivudine-treated patients (8/145)
achieved a confirmed HBeAg seroconversion (P �
0.0011). Two entecavir-treated patients also achieved a
confirmed HBsAg loss. This was accompanied by detec-
tion of anti-HBs (HBsAg seroconversion) in one patient,
and both events were sustained through the last observa-
tion on study.

Off-Treatment Results. At week 48 of therapy, 13
patients in the entecavir group met the protocol-defined
Response criteria (HBV DNA less than 0.7 MEq/mL and
HBeAg loss). Among Responders who discontinued study
therapy, 10 entecavir-treated patients had HBV DNA
�300 copies/mL, 11 had ALT normalization, and 11 had
achieved HBeAg seroconversion at the end of dosing.
These results were sustained in 10%, 55%, and 45%,
respectively, at 24 weeks off-treatment (Table 3).

Of the 77 entecavir patients treated in year 2, nine
patients met the protocol-defined criteria of Response. At
the time of treatment discontinuation, eight patients had
HBV DNA � 300 copies/mL, eight patients had attained
ALT normalization, and eight patients had achieved
HBeAg seroconversion. These results were sustained in
50%, 63%, and 75%, respectively, through 24 weeks off-
treatment (Table 3).

Resistance. Entecavir resistance leading to virologic
breakthrough is associated with the lamivudine-resistance
substitutions M204V/I and L180M in combination with
an additional substitution at residues T184, S202, or
M250 in the reverse transcriptase region of HBV poly-
merase.24 Through 2 years of treatment in ETV-026, 23
patients in the entecavir treatment arm had evidence of
entecavir-resistance substitutions and nine of these pa-
tients experienced virologic breakthrough (Table 4). In

the original cohort of patients randomized to receive en-
tecavir (n � 141), baseline virus samples from seven pa-
tients (5%) had preexisting entecavir-resistance
substitutions in addition to lamivudine-resistance substi-
tutions. None of these seven patients experienced viro-
logic breakthrough during year 1 and the specific
substitutions present at baseline were not associated with
high-level phenotypic resistance to entecavir in six out of
seven patients.25 Two of the seven patients subsequently
experienced breakthrough during year 2 after emergence
of additional entecavir-resistance substitutions, which
conferred high-level entecavir resistance (Table 4).26 A
total of 10 patients with pre-existing lamivudine-resis-
tance substitutions had emergence of genotypic entecavir
resistance during the first year of treatment. Two of these
patients experienced virologic breakthrough during year 1
and three of them experienced virologic breakthrough
during year 2.

Of the 77 patients who continued on to a second year
of treatment, HBV DNA measurements by PCR assay
were available for 76 patients. Evidence of genotypic re-
sistance to entecavir emerged in six of these patients, and
virologic breakthrough associated with entecavir resis-

Table 3. Proportions of Responders Who Exhibited Sustained Virologic, Biochemical, and Serologic End Points Through 24
Weeks Off-Treatment

Number with Sustained
End Point/Number with
End Point at Response*

Year-1 Responders Year-2 Responders† Total

ETV
(n � 13)

LVD
(n � 1)

ETV
(n � 9)

LVD
(n � 0)

ETV
(n � 22)

LVD
(n � 1)

HBV DNA �300 copies/mL 1/10 1/1 4/8 0/0 5/18 1/1
ALT �1� ULN 6/11 1/1 5/8 0/0 11/19 1/1
HBeAg† seroconversion 5/11 0/0 6/8 0/0 11/19 0/0

*Not all patients who had a protocol-defined response (HBV DNA by bDNA � 0.7 MEq/mL and HBeAg loss) also achieved the end points listed in the table.
†During the second year of treatment (weeks 52-96), patients could discontinue therapy once Response was identified. Thus, most of these individuals did not receive

a consolidation period after HBeAg loss/seroconversion.
Abbreviations: ETV, entecavir; LVD, lamivudine.

Table 4. Genotypic Resistance to Entecavir and Virologic
Breakthrough Due to Entecavir Resistance

Baseline Year 1 Year 2 Total

Genotypic resistance* to entecavir 7 10 6 23
Virologic breakthrough†

Year 1 0 2 NA 2
Year 2 2 3 2 7
Total 9

*Genotypic resistance to entecavir was defined as the detection of any amino
acid substitution at positions T184, S202, or M250 in the reverse transcriptase
region of HBV polymerase, in association with lamivudine-resistance substitutions
at positions M204 � L180.

†Virologic breakthrough was defined as an increase in HBV DNA of �1 log in
copies/mL from the on-treatment nadir, as determined by at least two sequential
measurements or the last on-treatment measurement in the presence of genotypic
resistance substitutions to entecavir.

NA, not applicable.
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tance occurred in two of these patients during year 2. No
ALT flares were seen in patients experiencing virologic
breakthrough associated with entecavir resistance.

Predictors of Entecavir Treatment Outcome. To
determine if there were predictive factors that distin-
guished patients who developed virologic breakthrough
due to entecavir resistance from those who achieved HBV
DNA �300 copies/mL in the absence of entecavir resis-
tance, a variety of baseline demographics and disease char-
acteristics were compared, including: race, HBV DNA
and ALT levels, Knodell necroinflammatory score, HBV
phylogenic genotype, and prior interferon therapy. Pa-
tients with HBV DNA �7 log10 copies/mL had a higher
probability of achieving HBV DNA �300 copies/mL on
entecavir (8/11, 73%), compared to those with baseline
HBV DNA �7 log10 copies/mL (21/130, 16%). A total
of 42 (30%) entecavir-treated patients achieved HBV
DNA �300 copies/mL during the first 2 years of therapy,
and only one patient who achieved HBV DNA �300
copies/mL (at week 72) subsequently developed entecavir
resistance (at week 90). No other baseline characteristics
were associated with virologic breakthrough due to ente-
cavir resistance.

Examination of the HBV DNA levels at weeks 24 or 48
of entecavir therapy showed a correlation between re-
duced HBV DNA levels and subsequent maintenance or
achievement of undetectable viral loads. Of 24 patients
who had HBV DNA �10,000 copies/mL at week 24, 20
(83%) subsequently maintained or achieved HBV DNA
�300 copies/mL in year 2 or at end-of-dosing, compared
with 11 of 53 (21%) patients with HBV DNA �10,000
copies/mL at week 24 (P � 0.0001). At week 48, 21 of 23
patients (91%) who had achieved HBV DNA �1,000
copies/mL subsequently maintained or achieved HBV
DNA �300 copies/mL during year 2 or at end-of-dosing,
compared with 10 of 54 patients (19%) whose HBV
DNA remained above 1,000 copies/mL (P � 0.0001).

Safety Results. The on-treatment safety analyses in-
cluded information for all 141 entecavir-treated and 145
lamivudine-treated patients up to the point when they
discontinued study treatment. The mean exposure to
study drug was 77 weeks for entecavir and 53 weeks for
lamivudine. The overall frequency of adverse events, re-
gardless of severity or relationship to study therapy, was
comparable between the two groups (entecavir, 83%;
lamivudine, 80%; Table 5). The frequency of on-treat-
ment serious adverse events was low, and comparable be-
tween treatment groups (entecavir, 11%; lamivudine,
7%). ALT flare (ALT �2� baseline and �10� ULN)
during treatment was observed in fewer entecavir-treated
than lamivudine-treated patients (�1% versus 11%, re-
spectively; Table 5). As previously described,23 the single

ALT flare in the entecavir group was associated with a
decline in HBV DNA to �0.7 MEq/mL, which was
maintained throughout the study, while all the flares in
the lamivudine group were associated with stable or rising
HBV DNA levels. Discontinuations due to adverse events
were less frequent in the entecavir group (two patients;
1%) than in the lamivudine group (10 patients; 7%).

A total of 54 patients in the entecavir group and 19
patients in the lamivudine group entered an off-treatment
follow-up period. A total of 33 patients (61%) in the
entecavir-treated group and 10 patients (53%) in the
lamivudine-treated group had off-treatment adverse
events. The overall frequency of grade 3 to grade 4 adverse
events attributed to study therapy was comparable be-
tween treatment groups (entecavir, 6%; lamivudine, 8%).
Six patients in the entecavir group and no patients in the
lamivudine group experienced an off-treatment ALT flare
(ALT �2� reference and �10� ULN). In four of these
patients—one week-48 Responder and three week-96 Vi-
rologic Responders—the flare was associated with a return
of serum HBV DNA levels toward the baseline when
treatment was stopped. The remaining two patients were
Nonresponders at the end of dosing.

A total of five deaths occurred during the study, two in
the entecavir treatment group (liver failure and lym-
phoma) and three in the lamivudine treatment group
(liver failure in two patients and septic shock in one); no
deaths were considered to be related to the study drug.

Discussion
Profound and durable suppression of HBV DNA is a

principal goal of CHB therapy.9,27 Data from the Risk
Evaluation of Viral Load Elevation and Associated Liver
Disease/Cancer (REVEAL) study demonstrated a clear
association between elevated HBV DNA and subsequent
progression to cirrhosis and HCC.3,4 In addition, reduc-
tion in HBV DNA is linked to improved treatment out-
come8 and treatment with antiviral agents has been shown

Table 5. Cumulative On-Treatment Safety Summary Through
Week 96

Number of Patients
Entecavir

(n � 141)
Lamivudine
(n � 145)

Any adverse event (%) 117 (83) 116 (80)
Any grade 3-4 adverse event (%) 23 (16) 22 (15)
Serious adverse events (%) 15 (11) 10 (7)
On-treatment ALT flare* (%) 1 (�1) 16 (11)
Discontinuations due to adverse

events (%) 2 (1) 10 (7)
Deaths 2 3

*On-treatment ALT flares were defined as ALT �2 � baseline levels and
�10 � ULN.
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to reduce the long-term risks of advanced liver disease and
death among those with compensated cirrhosis.28

The patients included in this large, randomized, clini-
cal trial represent a therapeutic challenge: all were
HBeAg-positive, viremic, and had failed prior long-term
lamivudine treatment (median, 2.5 years); 85% had doc-
umented lamivudine-resistance substitutions at study en-
try; and just over 50% had also failed prior interferon
therapy.23 In addition, 5% of the total entecavir-treated
cohort demonstrated entecavir-resistance substitutions
prior to any exposure to the drug.

Published year-1 results showed that switching therapy
to entecavir was superior to continued lamivudine across
histologic, virologic, and biochemical endpoints.23 The
year-2 results demonstrated that patients continue to ex-
perience clinical benefit with entecavir therapy beyond 1
year, while the safety profile remained stable. For the sec-
ond-year treatment cohort, entecavir therapy increased
the percentage of patients with HBV DNA �300 cop-
ies/mL from 21% to 40% between week 48 and the end of
dosing.

In the current study, entecavir treatment of HBeAg-
positive, lamivudine-refractory patients resulted in an
overall mean HBV DNA reduction from baseline of 5.1
log10 copies/mL after 48 weeks of treatment. This reduc-
tion compares favorably to the results of studies with
other agents in lamivudine-refractory patients: 2.4 to 4.0
log10 copies/mL with adefovir, and 5.0 to 5.6 log10 cop-
ies/mL with tenofovir.29-31 In the second-year entecavir
treatment cohort, increases in viral suppression were ob-
served with continued treatment, with patients achieving
a mean reduction of 5.9 log10 copies/mL on-treatment at
end of dosing. Consistent with greater HBV DNA sup-
pression, increases in the proportions of patients achiev-
ing ALT normalization and experiencing HBeAg
seroconversion between weeks 49 and 96 were also ob-
served, with one patient experiencing HBsAg seroconver-
sion at the end of follow-up. Patients who achieved HBV
DNA levels below 10,000 copies/mL at week 24 or 1,000
copies/mL at week 48 were highly likely to maintain or
achieve HBV DNA �300 copies/mL during year 2. This
finding of potent virologic response being predictive of a
favorable outcome on therapy confirms findings with
other HBV therapies.25,26

The baseline HBV DNA was higher in this study (9.5
log10 copies/mL) than is currently encountered in clinical
practice of lamivudine-refractory patients. Previous stud-
ies on the treatment of lamivudine-refractory CHB have
predominantly examined HBeAg-negative patients with
lower baseline HBV DNA levels, a population more likely
to achieve an undetectable HBV DNA and with reduced
likelihood for developing resistance.20,32-35 Although

some antivirals have shown antiviral activity in HBeAg-
positive lamivudine-refractory patients, these studies have
involved small populations, with lower mean baseline
HBV DNA than the patients described here.21,36 With
more frequent monitoring and improved detection meth-
ods, lamivudine resistance is typically identified when a
patient’s circulating HBV DNA is less than 6 log10 copies/
mL. The probability of achieving HBV DNA �300 cop-
ies/mL at 96 weeks with entecavir was 73% in 11 patients
whose baseline HBV DNA was less than 7 log10 cop-
ies/mL at study entry, and none of these patients subse-
quently developed entecavir resistance. An earlier switch
to entecavir in lamivudine-refractory patients while HBV
DNA levels remain relatively low could result in HBV
DNA reduction to �300 copies/mL in a higher propor-
tion of patients, and lower rates of emerging resistance
than were observed in the current study.

Sustained off-treatment responses were evaluated in
patients achieving a protocol-defined Response (HBV
DNA �0.7 MEq/mL and loss of HBeAg) who discontin-
ued therapy at week 52, or immediately after achieving a
Response in year 2. HBeAg seroconversion was sustained
in 58% (11/19) of Responders. It is now widely recom-
mended that nucleoside analog treatment be continued
for at least 6 months after HBeAg seroconversion during
a consolidation period to increase the probability of sus-
taining HBeAg seroconversion off-treatment.6,9,10,37 The
study described here was conducted before consolidation
therapy was a part of treatment guidelines and thus was
not administered. Therefore, the current results may un-
derestimate the rate of sustained responses that might be
observed following a consolidation period.

In this comparative study, the first in an exclusively
HBeAg-positive lamivudine-refractory population, 40%
of patients who continued entecavir therapy through 96
weeks achieved HBV DNA �300 copies/mL at the end
of dosing. Analysis of entecavir-treated patients identified
seven patients in the total cohort with baseline entecavir
resistance substitutions, 10 patients with resistance
emerging in year 1, and six patients with resistance emerg-
ing in year 2. These observations suggest an incremental
increase in the proportion of patients developing resis-
tance during the first 2 years of treatment, and not a
sudden upward surge in the frequency of resistance be-
yond year 1. Virologic breakthroughs, however, were only
noted in two patients in year 1, but increased to seven
patients through 2 years of treatment. The majority (5) of
these breakthroughs occurred in patients in whom geno-
typic resistance had emerged in prior years. Thus, there is
a temporal lag between the time that genotypic resistance
emerges and virologic breakthrough occurs.
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Patients enrolled in this study were part of a larger
resistance cohort of 187 entecavir-treated lamivudine-re-
fractory patients from three clinical studies.26 Data from
this cohort predict a cumulative probability of genotypic
resistance to entecavir emerging in 6.2% of patients in
year 1 and in 15.0% of patients through year 2. The
cumulative probability of virologic breakthrough associ-
ated with genotypic resistance to entecavir was 1.1% in
year 1, and 10.7% through year 2.

The presence of M204V and L180M in patients with
lamivudine resistance lowers the genetic barrier to ente-
cavir resistance, since only one additional entecavir-resis-
tance substitution is needed at T184, S202, and/or
M250, compared to a requirement for multiple amino
acid substitutions in wild-type virus.26,38 The emergence
of entecavir resistance after 2 years of therapy is much
lower in the nucleoside-naive population (�1%),38 com-
pared to the lamivudine-refractory population,26 due to a
greater potency against wild-type HBV and a higher ge-
netic barrier.

In this study, entecavir was shown to be less effective in
HBeAg-positive lamivudine-refractory patients with high
baseline HBV DNA levels than in lamivudine-refractory
patients. The response in lamivudine-refractory patients
may be improved by re-establishing a high genetic barrier
to resistance by using the combination of potent antivirals
with non-overlapping resistance patterns, such as the
combination of entecavir with either adefovir or tenofo-
vir.

The safety profile for entecavir in lamivudine-refrac-
tory patients over the first 48 weeks of treatment has been
reported.23 The 96-week safety profile was consistent with
chronic HBV infection and was comparable to that seen
at 48 weeks. Long-term surveillance of entecavir efficacy
and safety in lamivudine-refractory patients continues to
be assessed.

In summary, a second year of entecavir treatment in
lamivudine-refractory patients with HBeAg-positive
CHB resulted in continued virologic, serologic, and bio-
chemical improvement and a safety profile that was com-
parable with the first year of therapy. A longer duration of
treatment and continued treatment of patients with
HBeAg loss may lead to higher rates of virologic response
and seroconversion in lamivudine-refractory CHB pa-
tients.
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